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DESCRIPTION OF MAP UNITS 
Cenozoic 
 
Qac Alluvium and colluvium (Holocene and Pleistocene)— Unconsolida ted to poorly consolida ted cla y, silt, 
sand, gravel, cobbles, and boulders m ixed with cla y-rich soil; derived from  nearby geologic units. 
Am a lga m a tion of a lluvia l, slope wash, debris flow, slum p, and a lluvia l fan deposits. Thickness 
loca lly undeterm ined but genera lly less than 6 m  (20 ft) 
 
Qc Colluvium (Holocene and Pleistocene)— Unconsolida ted cla y, silt, sand, gravels, cobbles, and boulders 
m ixed with cla y-rich soil; derived from  loca l geologic units. Com bination of slope wash, debris 
flows, and a lluvia l fan deposits. Thickness undeterm ined 
 
Qls Landslide debris (Holocene and Pleistocene)— Blocks and slum ps of loca lly derived m a teria l from  
steep and unsta ble slopes. Most com m on in associa tion with fa ulting or Baxter S ha le outcrops. 
Thickness undeterm ined 
 
 Bishop Conglomerate (Oligocene) 
 
Tbis Sandstone facies— R arely exposed, white to crea m , very fine to m edium -gra ined, well sorted, 
rounded to subrounded, quartz-rich sandstone with a ca lcareous to tuffa ceous m a trix. Planar 
la m inations and cross-bedding com m on. W ea thered rock fa ces are com m only iron sta ined. 
Occasiona lly a ltered to light-gray quartzite south of Aspen Mounta in. Ma xim um  observed 
outcrop thickness of 5 m  (16 ft) 
 
Tbi Conglomerate facies— Poorly consolida ted to well-lithified, cla st-supported, poorly sorted, 
subangular to rounded conglom erate, with granule to cobble and occasiona l boulder cla sts of tan 
and brown sandstones and siltstones, gray chert, occasiona l white and red quartzite, and rare 
volcanic cla sts. Matrix ranges from  m ud to fine-gra ined tuffa ceous sand. Ca lcite cem ent is 
a bundant. Cla st im brica tion and channel scours are com m on. Interbedded with occasiona l 
sandstone beds conta ining trough and ta bular cross-bedding. Near Aspen Mounta in a distinct 
fa cies is dom inated by a breccia of pla ty, angular, sm a ll cobbles to granules of gray chert, 
com m only with white a lteration rinds, in a lightly silicified, white to light-tan, tuffa ceous, fine 
to very fine sand m a trix. Unconform a bly caps a ll older units, form ing the broa d pla tea u in the 








Kbl Blair Formation (main body)— Poorly exposed brown to gray siltstone and sha le interbedded with 
tan, brown, and gray, very fine to m edium -gra ined, well sorted, rounded to subangular, quartz-
rich, thinly bedded, loca lly ca lcite-cem ented sandstone. Planar la m inations, wavy and fla ser 
bedding, ripples, rip-up cla sts, and light bioturba tion com m on, with Thalassinoides, Nereites, 
and Au lichnites ichnofossils. Intertonguing conta ct with basa l sandstones. On Aspen Mounta in 
unit is heavily to m oderately silicified, iron cem ented, and occasiona lly a ltered to a gray, purple-
red, or red-tan quartzite and rare gray and white banded chert; dotted pattern used where 
a lteration m a kes it difficult to differentia te ba sa l sandstones from  rest of Bla ir Form a tion. Only 
lower 225 m  (740 ft) exposed 
 
Kbls Basal sandstones— Cliff-form ing, rusty brown, tan, or gray, com m only iron sta ined, fine- to 
m edium -gra ined, well-sorted, rounded to subrounded, thinly bedded, quartz-rich sandstone, 
interla m inated with siltstone and m udstone. Low-angle ripples, m ud lenses, and rip-up cla sts 
com m on; occasiona l Inoceramus sp. m olds; rare dune-sca le cross-bedding and clim bing ripples. 
Outcrops in the southwestern quarter of sec. 20, T. 17 N., R . 103 W . are heavily silicified 
quartzite interla m inated with chert. Abundant ichnofossils include Palaeophycus, Cru ziana, 
Au lichnites, Phycosiphon, Treptichnus, Sinusichnus, Lockeia, Helminthopsis, and. Thickness in 
type log approxim a tely 36 m  (120 ft) 
 
Kba Baxter Shale (Upper Cretaceous)— Poorly exposed, gray to buff, fissile, ca lcareous to gypsiferous, 
m udstone and siltstone, with occasiona l fish sca les, Inoceramus sp., woody plant fra gm ents, and 
ichnofossils, including Palaeophycus, Au lichnites, and Lorenzinia. Occasiona lly interbedded with 
tan, very fine gra ined sandstone and siltstone, up to 0.5 m  (1.6 ft) thick, thinly bedded, with lenticular 
bedding tha t wea thers to brown and crea m  bands. R are beds of fossiliferous, light gray, ca lcareous 
concretions. Also rare are sandstone bodies, between 5 m  (16 ft) and 8 m  (26 ft) thick, which crop 
out a long ridges in the northeastern qua drant of sec. 7., T. 17 N., R . 103 W ., and the southwestern 
corner of sec. 17, T. 17 N., R . 103 W . Airport S andstone Mem ber was not m apped, but is shown in 
type log and cross section. Full form a tion thickness not seen within m ap boundary. Thickness in type 
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WYOMING QUADRANGLE LOCATION
DISCLAIMERS 
Users of this m ap are ca utioned a ga inst using the data at sca les different from  those at which the m ap was com piled. 
Using these data at a larger sca le will not provide greater a ccura cy and is a m isuse of the data. 
The W yom ing S tate Geologica l S urvey (W SGS) and the S tate of W yom ing m a ke no representation or warranty, 
expressed or im plied, regarding the use, accura cy, or com pleteness of the data presented herein, or of a m ap printed 
from  these data. The a ct of distribution sha ll not constitute such a warranty. The W S GS does not guarantee the digita l 
data or any m ap printed from  the data to be free of errors or ina ccura cies. 
The W S GS and the S tate of W yom ing discla im  any responsibility or lia bility for interpretations m a de from , or any 
decisions based on, the digita l data or printed m ap. The W S GS and the S tate of W yom ing reta in and do not wa ive 
sovereign im m unity. 
The use of or reference to tradem arks, tra de na m es, or other product or com pany na m es in this publica tion is for 
descriptive or inform a tiona l purposes only, or is pursuant to licensing a greem ents between the W S GS or S tate of 
W yom ing and software or hardware developers/vendors, and does not im ply endorsem ent of those products by the 
W S GS or the S tate of W yom ing. 
NOTICE TO USERS OF INFORMATION FROM THE  
WYOMING STATE GEOLOGICAL SURVEY  
The W S GS encoura ges the fa ir use of its m a teria l. W e request that credit be expressly given to the “W yom ing S tate 
Geologica l S urvey” when citing inform a tion from  this publica tion. Plea se conta ct the W S GS at 307-766-2286, or by 
em a il at wsgs-info@wyo.gov if you have questions a bout citing m a teria ls, preparing a cknowledgm ents, or extensive 
use of this m a teria l. W e apprecia te your cooperation. 
Individua ls with disa bilities who require an a lternative form  of this publica tion should conta ct the W S GS. For the 
TTY  relay operator, ca ll 800-877-9975. 
For m ore inform a tion a bout the W S GS or to order publica tions and m aps, go to www.wsgs.wyo.gov, ca ll 307-766-
2286, or em a il wsgs-info@wyo.gov. 
NOTICE FOR OPEN FILE REPORTS PUBLISHED BY THE WSGS  
Open File R eports are prelim inary and usua lly require additiona l fieldwork and/or com pilation and ana lysis; they are 
m eant to be a first release of inform ation for public com m ent and review. The W SGS welcom es any com m ents, 
suggestions, and contributions from  users of the inform ation.  
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Definitions:  Certain—Estimated location <25 m (82 ft) 
   Approximate—Estimated location 25–100 m (82–330 ft) 
Formation contact— Continuous where certa in, long dash where approxim a te 
Fault— Continuous where certa in, long dash where approxim ate, dotted where concea led, queried where 
uncertain; bar and ba ll on downthrown block of norm a l fa ult, upthrown (U) and downthrown (D) 
blocks designated when fault type is unknown 
Blind fault— Concea led; rectangles on upper (tectonica lly higher) pl ate of reverse fault; m apped by Besse 
(1999) from  seism ic data  
Fault (in cross section) — Arrows indica te rela tive m otion 
Anticline— Long dash where approxim a te 
Line of cross section 
Strike and dip of inclined bedding  
Strike and dip of inclined bedding — derived from  S ears (1926) 
Strike and dip of inclined bedding in cross -bedded rocks 
Horizontal bedding 
Prospect pit 
Gas well— S howing API num ber 
Gas well, plugged and abandoned — S howing API num ber 
Dry hole, plugged and abandoned— S howing API num ber 
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INTRODUCTION
The Lion Bluffs 7.5-minute quadrangle is located in southwestern Wyoming (fig. 1) in the south-central part of 
the Rock Springs Uplift. The axis of the Rock Springs Uplift trends north–south through the western edge of the 
quadrangle, exposing Upper Cretaceous strata that dip shallowly away from the axis. These strata are largely covered 
by subhorizontal Oligocene rocks in the southern half of the map area. Silicification and alteration are common 
within the map area, occurring in all mappable units.
Most previous mapping of the study area has been historic and small scale. The only modern geologic map that 
includes the full extent of the Lion Bluffs quadrangle is the Firehole Canyon 1:100,000-scale surficial quadrangle 
by Hallberg and Case (2009). Other maps that include the extent of the Lion Bluffs quadrangle are structure and 
bedrock maps of the Baxter Basin gas fields by Sears (1926), Kramer and others (1940), and Fidlar (1950). At the 
1:250,000 scale, Schultz (1920) and Roehler (1977) published geologic maps of the Rock Springs Uplift, and Luft 
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Figure 1.  Map showing location of the Lion Bluffs quadrangle in the Greater Green River Basin of south-central Wyoming. 
Extent of the map area is displayed as a solid red rectangle. Counties are outlined in gray. Major geographic and structural features 
are noted. 
2
(1985) produced a generalized map of the Bishop Conglomerate and Browns Park Formation throughout north-
western Colorado, northeastern Utah, and southern Wyoming. Lion Bluffs quadrangle is bordered to the east and 
west by the 1:24,000-scale bedrock maps of the Camel Rock (Roehler, 1979) and Kappes Canyon (Kirschbaum, 
1986) quadrangles, respectively.
Field mapping and sample collection occurred from June to October 2019. Field data were supplemented with infor-
mation derived from satellite imagery interpretation and datasets from previously published maps. Samples collected 
within the quadrangle were analyzed for a variety of characteristics: organic-rich, fine-grained rocks were sampled 
and processed to assess hydrocarbon source potential; samples were collected for detrital zircon geochronology to 
constrain the ages of units in the field; and whole rock and sediment samples were gathered for major, minor, and 
trace element geochemistry. 
This project was completed in cooperation with U.S. Geological Survey StateMap grant award G19AC00142.
Location
The Lion Bluffs quadrangle (Tps. 16–18 N. and Rgs. 103–104 W.) is centrally located within Sweetwater County, 
Wyoming. The northwest corner of the quadrangle is approximately 10.5 km (6.5 mi) southeast of Rock Springs, 
Wyoming. The ownership of land on the quadrangle alternates nearly every section and varies between public and 
private. Permission must be obtained from landowners prior to entering private lands. Roads that best access the 
quadrangle include Wyoming Highway 430 and County Roads 27 (Aspen Mountain Road) and 39 (Sweeney 
Ranch Road). Many other two-track roads exist within the area as well.
Aspen Mountain is the most prominent natural feature 
within the Lion Bluffs quadrangle (fig. 2). From the 
middle of the quadrangle’s western boundary, this topo-
graphic high extends northeast for 7.5 km (4.5 mi) and 
reaches a peak elevation of 2,639 m (8,657 ft). The 
Bureau of Land Management’s Three Patches Picnic 
Area is on the southwestern flank of Aspen Mountain. 
Another notable landmark is Chimney Rock, a rock pillar 
composed of resistant Oligocene Bishop Conglomerate, 
located near the center of the quadrangle.
GEOLOGY
The Lion Bluffs quadrangle has three geologic units 
exposed at its surface: the Upper Cretaceous Blair 
Formation and Baxter Shale, and the Oligocene Bishop 
Conglomerate. 
During the Late Cretaceous, the Western Interior Seaway, an epicontinental sea connecting the Arctic Ocean to the 
Gulf of Mexico, covered the majority of Wyoming. The presence of this sea fostered the accumulation of marine 
sediments that comprise both the Baxter Shale and the Blair Formation (Steidtmann, 1993). Starting during the Late 
Cretaceous and continuing through the Paleogene, basement deformation associated with the Laramide orogeny 
shaped the north-trending Rock Springs Uplift, an asymmetrical, doubly plunging anticline (Besse, 1999; Mederos 
and others, 2005; Bader, 2008), gently folding all of the strata deposited as part of the Western Interior Seaway. 
Regional to local erosional and depositional processes later controlled the dispersal of Cenozoic strata within the 
quadrangle. 
Figure 2.  Photograph showing view to the south from Baxter 
Basin of the north slope and ridgeline of Aspen Mountain, 
which is capped by silicified, undifferentiated Blair Formation 
overlying poorly exposed Baxter Shale.
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The oldest of the Upper Cretaceous units exposed 
within the quadrangle is the Coniacian to lower 
Campanian Baxter Shale (fig. 3; Rudolph and others, 
2015). The deep water shales of the formation repre-
sent a transgressional period of the Western Interior 
Seaway (Steidtmann, 1993). Approximately 180 m 
(600 ft) below the top of the Baxter Shale, the Airport 
Sandstone Member diverges from the formation’s 
overarching lithology due to changes in regional 
tectonics. This 80-m (260-ft) section of limey sand-
stone, siltstone, and shale records a relatively shal-
lower marine environment than the rest of the Baxter 
Shale (Luo, 2005). This member was not confidently 
identified in the map area. Rare, localized sandstone 
bodies, with outcrops between 4 m (13 ft) and 8 m 
(26 ft) thick, were identified in the upper section of the Baxter Shale, indicating local deposition. The index fossil 
Clioscaphites vermiformis, identified in shale beds below the Airport Sandstone Member within the Rock Springs 
Uplift area, gives evidence of deposition during the middle Santonian (Smith, 1961). Presence of the index fossil 
Scaphites hippocrepis in the upper portion of the Baxter Shale constrains the minimum depositional age to be lower 
Campanian (Cobban and others, 1994). U-Pb detrital zircon geochronology for a sample collected from about  305 
m (1,000 ft) below the contact with the Blair Formation (LB-190731KK-B) yielded a maximum depositional age 
of 83.7 ± 1.2 Ma (weighted mean age at 95 percent confidence; Appendix 3). 
During the early Campanian, the foreland basin continued to accumulate deltaic 
and shallow marine sediments as part of the Blair Formation (Luo, 2005). The 
basal sandstones of the formation (fig. 4) were deposited in a fluvial-dominated 
delta system that transitioned to a more shale-dominant lithology during a mild 
transgression. The shales and thin sandstones characteristic of the middle part of 
the Blair Formation in the Rock Springs Uplift area were likely deposited in distal 
delta-front environments (Rudolph and others, 2015). Toward the top of the for-
mation, sandstones (fig. 5) gradually become more common and eventually grade 
into the overlying Rock Springs Formation. This coarsening upward sequence 
represents a regression of the Western Interior Seaway (Hale, 1950; Rudolph and 
Figure 3.  Photograph of Baxter Shale outcrop of siltstone and 
shale capped by two tan sandstone beds, each approximately 15 cm 
(6 in) thick. Located in sec. 5, T. 18 N., R. 103 W.
Figure 4.  Photograph highlighting contact between Baxter Shale and the basal sandstones 
of the Blair Formation, showing the typical sharp contact with occasional interfingering. 
Location is on northern slope above Spring Creek, sec. 28, T. 17 N., R. 103 W.
Figure 5.  Photograph of a rep-
resentative outcrop of sandstone 
within the Blair Formation, showing 
thinly bedded to laminated sand-
stones interbedded with siltstone 
laminations. Location is north of 
confluence of Blair and Spring 
Creeks in sec. 4, T. 16 N., R. 103 
W. Hammer for scale is 33 cm (13 
in) long.
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others, 2015). Depositional age is constrained to the early Campanian due to the presence of the index fossil Scaphites 
hippocrepis throughout the complete thickness of the Blair Formation (Smith, 1961; Roehler, 1990).
As the Rock Springs Uplift began to rise more significantly during the middle Campanian due to the influence of the 
Laramide orogeny, deposition became limited. Post-Laramide, a period of crustal stability in the Oligocene allowed 
erosive processes to shape the Gilbert Peak erosional surface, the pediment upon which Bishop Conglomerate allu-
vium and colluvium accumulated (Bradley, 1936; fig. 6), forming coarse conglomerates and sandstones (figs. 7a and 
7b). In the Lion Bluffs quadrangle, the majority of Bishop Conglomerate clasts originated from the Cretaceous units 
that form Aspen Mountain (Sears, 1926), mixed with crystalline and carbonate clasts likely sourced from the Uinta 
Mountains. Tuff beds found in the upper Bishop Conglomerate near Diamond Mountain Plateau, Utah, were dated 
using K-Ar methods; Winkler (1970) records a date of 26.2 ± 0.7 Ma on biotite, and Hansen (1986) reports ages of 
29.50 ± 1.08 Ma and 28.58 ± 0.86 Ma 
on biotite and hornblende, respectively. 
U-Pb detrital zircon geochronology for 
Bishop Conglomerates samples col-
lected from the larger Firehole Canyon 
area yielded maximum depositional 
ages ranging from 35.5 ± 0.6 to 31.2 
± 0.6 Ma (weighted mean age at 95 
percent confidence; Aslan and others, 
2017).
Conglomeratic outcrops very similar 
to Bishop Conglomerate were found 
topographically lower than the plateaus 
and mesas that Bishop Conglomerate 
is typically located on. These outcrops 
were usually exposed along the sides 
of valleys along the No Name Creek 
and Spring Creek drainages, approx-
Figure 6.  Photograph of stratigraphic relationships between the Bishop Conglom-
erate (Tbi), basal sandstones of the Blair Formation (Kbls), and Baxter Shale (Kba).
Figure 7.  (A) Photograph of a well-exposed Bishop Conglomerate outcrop. Ham-
mer for scale is 40.6 cm (16 in) long. (B) Photograph showing a typical exposure of 
Bishop Conglomerate sandstone facies within the map area. Sandstone at this site is 
lightly silicified. Hammer for scale is 33 cm (13 in) long.
A B
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imately 182 m (600 ft) to 274 m (900 ft) below most Bishop Conglomerate, and most were not large enough to 
map at the 1:24,000 scale. Clasts were of similar sizes, compositions, and roundness as clasts found in the Bishop 
Conglomerate. A sample collected from the largest of these outcrops was analyzed for U-Pb detrital zircon chronol-
ogy (LB-190802KK-C), reporting a youngest single grain of 25.9 ± 2.3 Ma and a maximum depositional age of 
43.5 ± 1.2 Ma (weighted mean age at 95 percent confidence; Appendix 3). This outcrop was mapped as Bishop 
Conglomerate, although there is a possibility that it could be part of a younger unidentified Oligocene-aged unit. 
The mineralogy and geochemistry of alteration zones (further described below) suggest a low-sulfidation epith-
ermal system affected the area around what is now Aspen Mountain. Based on alunite and limestone beds found 
within the Bishop Conglomerate, this system was active during deposition of the Bishop Conglomerate and may 
have continued after deposition ceased, based on silicified Bishop Conglomerate beds. The alteration is both strati-
graphically and structurally controlled, found most commonly along faults, at the Baxter-Blair contact, and within 
specific beds of the Bishop Conglomerate. 
During the Quaternary, the bedrock units of Lion Bluffs were eroded, reconfigured, and deposited as alluvium, 
colluvium, and landslide debris. 
Structure
The Lion Bluffs quadrangle is within the south-central Rock Springs Uplift, a basement-cored, doubly plunging, 
asymmetrical, low-amplitude anticline that trends generally north–south. The anticlinal axis intersects the north-
western boundary of the study area to the northwest of the ridgeline of Aspen Mountain. Strata to the northwest of 
Aspen Mountain fold over and dip generally to the west, while rocks to the southeast dip gently to the east–southeast. 
Structural offset within the southern Rock Springs Uplift is primarily controlled by several extensive, north–north-
east-trending, west–northwest-vergent reverse faults with significant right-lateral oblique motion (Besse, 1999). The 
major axis of the Rock Springs Uplift lies within the hanging wall of the easternmost of these faults, which crosses 
through the northwest corner of the map area. Based on geophysical log correlations, this fault has over 344 m 
(1,130 ft) of vertical displacement in this area of the map. To the southwest, vertical displacement increases to more 
than 1,200 m (4,000 ft; Besse, 1999). This oblique reverse fault is verified at depth from seismic data (Besse, 1999), 
surficial data (Lynds and others, 2020), and well log correlation, but does not appear to be exposed at the surface in 
the Lion Bluffs quadrangle. However, the possibility of a surface trace is difficult to determine due to poor exposure 
of indeterminate shale and sandstones. 
Prominent linear features and scarps occur along Aspen Mountain (fig. 8) and multiple ridges southeast of the 
mountain, where a series of laterally extensive, subparallel faults trend northeast. These faults are interpreted from 
geophysical log correlations, features observed during field work, and aerial imagery, including extensive linear 
escarpments often accompanied by landslides, fault breccia, or silicification. Field investigations indicate that these 
Figure 8.  Photo-
graph of view of the 
south side of Aspen 
Mountain from the 
No Name Creek 
drainage. Faults are 
marked with red 
dashed lines, showing 
two that parallel the 
ridge and one along a 
prominent scarp that 
cuts obliquely across 
the base of Aspen 
Mountain.
6
faults have similar geometries, with the southeastern side of the fault displaced upward relative to the northwestern 
side. However, a more detailed characterization of fault geometries was challenging due to poor exposure of geo-
logic units. Previous publications (Sears, 1926; Roehler, 1977; 
Francis, 1979) have mapped a similar fault along the northern 
flank of Aspen Mountain, but structural interpretations made 
from field observations and aerial imagery do not require a 
fault to be present. 
In addition to these central faults, numerous smaller faults 
occur in the southwestern part of the map area, which are 
generally conjugate to the major regional north–north-
east-trending subsurface faults, but vary in lateral extent 
as well as amount and orientation of displacement. These 
smaller faults likely formed in response to the main thrust 
faults of the Rock Springs Uplift and their fault type and 
geometry are undetermined. 
Alteration
Aspen Mountain is a topographic high due to significant 
silicification that left the Upper Cretaceous strata resistant to 
weathering (fig. 9). The most severe silicification within the 
quadrangle follows faults that run along the southern flank 
of Aspen Mountain and southwest from Chimney Rock (sec. 
20, T. 17 N., R. 103 W.). Bishop Conglomerate is lightly silici-
fied near the southern base of Aspen Mountain, while Baxter 
Shale and Blair Formation are locally silicified across the map 
area, usually adjacent to a fault, but not always. Oftentimes 
in these locations, wind-polished chert and quartzite boulders 
scatter the landscape. These rocks are often so silicified that 
they cannot be broken by a rock hammer. 
In addition to the strong silicification on Aspen Mountain, 
localized alteration was noted in outcrops across the map area, 
occurring most commonly in the lowermost beds of the basal 
sandstones of the Blair Formation (fig. 10) at the contact with 
the Baxter Shale (fig. 11). These include moderate to strong 
silicification, as well as elevated levels of arsenic and sulfur 
(with rare coatings of massive native sulfur). Heavily fractured 
zones are also common in these outcrops. 
The silicified areas have been grouped into a “zone of silicifi-
cation,” first described by Love and Blackmon (1962) during 
an investigation into alteration associated with a subsurface 
alunite deposit initially discovered by geologist E. R. Keller in 
1957. The zone is defined by varying degrees of silicification 
spread across 32–48 km2 (20–30 mi2) and has been docu-
mented to contain secondary kaolinite and alunite. Minor 
amounts of native sulfur have also been reported (Kirschbaum, 
1986). Other local forms of alteration within the zone include 
decalcification, bleaching, and argillization. The region of 
Figure 9.  Photograph of the altered and heavily jointed 
sandstones of the Blair Formation that form Lion Bluffs at 
the northeastern end of Aspen Mountain. Note truck in 
upper right corner of photo for scale.
Figure 10.  Photograph of outcrop of altered basal sand-
stones of the Blair Formation where sample LB-190627-
PW-A was collected, located in sec. 6, T. 16 N., R. 103W. 
Orange pen for scale. Geochemical results are available in 
Appendix I. 
Figure 11.  Photo-
graph of altered Bax-
ter Shale exposed just 
below contact with 
overlying tan-colored 
basal sandstones of 
Blair Formation. 
Organic-rich shale is 
coated in pale yellow, 
massive native sulfur. 
Hammer for scale 
is28 cm (11 in) long. 
Sample KH-191014-
KH-A was collected 
from this outcrop for 
geochemical analysis; 
results are published 
in Appendix I. 
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alteration is hypothesized to have formed as part of a paleo-epithermal 
system (Hausel and others, 1992).
A calcite-cemented breccia (fig. 12) was identified along the normal fault 
that runs from the southwestern quadrant of sec. 17, T. 17 W., R. 103 W. 
to the northwestern corner of sec. 19, T. 17 N., R. 103 W. This breccia 
contains sandstone clasts, locally derived from Baxter Shale, that range 
in size from small pebbles to boulders around 1.5 m (5 ft) across, hosted 
in a white calcite matrix that varies from massive to vuggy and euhedral. 
Samples were collected from altered outcrops for major, minor, and trace 
element geochemistry, and results are available in Appendix 1. 
ECONOMICS
Oil and Gas
The Lion Bluffs quadrangle encompasses two basins rich in natural gas 
production, Baxter Basin in the north, and Circle Basin in the south. Since 
1921, 51 wells have been drilled within the quadrangle (table 1). Of these, 
12 wells produced gas, 4 of which are still active. Through December 
2019, approximately 18.23 billion cubic feet of natural gas and 9,208 
barrels of water have been produced within the map area since recordkeep-
ing began in 1978. No oil has been produced from any wells in the study 
area. Drilling targets include the Upper Cretaceous Frontier Formation 
and the Dakota Sandstone (WOGCC, 2020).
The location of most wells and abandoned well sites within the quadrangle were confirmed either through aerial 
imagery or physical location in the field. Ground locations that were physically confirmed in the field were recorded 
with handheld GPS. These field- or imagery-confirmed positions were then used to update well locations reported 
by the WOGCC (2020).
Gold
There are no known economically viable gold deposits within the Lion Bluffs quadrangle. However, 16 rock chip, 
soil, and stream sediment samples collected from Aspen Mountain by Hausel and others (1992) were weakly anom-
alous in gold. These occurrences were restricted to the area’s silicification zone. Due to the challenge of sampling 
widespread gold deposits, Hausel and others (1992) recommend additional sampling to estimate gold potential in 
the area. 
Uranium
There are no active or historic uranium mines within the Lion Bluffs quadrangle. In the 1970s and 1980s, the 
Department of Energy’s National Uranium Resource Evaluation program collected nine sediment samples from 
sites within the Lion Bluffs quadrangle in an effort to identify uranium occurrences across the United States (U.S. 
Geological Survey, 2004).  Five of these locations were resampled in 2019. Results from the geochemical analysis of 
these sediment samples are reported in Appendix 2. 
Industrial Materials
The Lion Bluffs quadrangle has known deposits of alunite and kaolinite, as well as potential sulfur, silica, and 
aggregate sources. 
Figure 12.  Photograph of calcite-cemented 
breccia, with clasts of tan sandstone from a 
sand-rich interval in the Baxter Shale in a 
wide range of clast sizes. Hammer for scale 
is 33 cm (13 in) long. Located along the 
normally faulted ridge in secs. 17 and 19, T. 
17 N., R. 103 W.
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Table 1.  Gas, oil, and water production from 1978 through 2019 for wells within the quadrangle. Includes field and 
aerial-verified well locations. Well locations that were unable to be verified were sourced from the Wyoming Oil and 
Gas Conservation Commission (WOGCC, 2020) records and are denoted as *(well name).  














Producing or target 
formation
49-037-05262 UPRR PATENTED 1 Wexpro Company 41.44396 -109.09949 1928 DH 2,860 - - DAKOTA
49-037-05275 UNIT PATENTED 6 North Shore Exploration & Prod LLC 41.37537 -109.1095 1944 PG 2,825 455,130 119 FRONTIER
49-037-05276 FEDERAL X 34 Wyoming Oil & Development CO 41.37536 -109.10492 - PA - - - UNKNOWN
49-037-05277 FEDERAL-HELLWIG 1 Champion Ventures INC 41.37611 -109.02722 1961 DH 4,830 - - UNKNOWN
49-037-05278 PATRICK FARM FEDERAL 1 Wexpro Company 41.37631 -109.11787 1930 DH 3,822 - - DAKOTA
49-037-05279 WESTERN STATES 29 Midwest Oil Corporation 41.37629 -109.11791 1923 DH 2,607 - - DAKOTA
49-037-05281 UPRR PATENTED 1 North Shore Exploration & Prod LLC 41.37861 -109.10028 1934 PG 2,549 1,215,783 385 FRONTIER
49-037-05282 *UPRR 2 Wyo-Cal Petroleum 41.37896 -109.09749 1934 DH 2,514 - - DAKOTA
49-037-05288 *36 Western Natural Gas INC 41.38717 -109.11792 1923 DH - - - UNKNOWN
49-037-05290 SOUTH BAXTER 8 North Shore Exploration & Prod LLC 41.38808 -109.11913 1965 SI 3,842 2,790,805 172 FRONTIER
49-037-05292 UNIT 4 Union Oil CO of California 41.39287 -109.09336 1943 DH 3,484 - - FRONTIER
49-037-05296 STATE 1 Wexpro Company 41.41114 -109.09766 1922 DH 3,440 - - DAKOTA
49-037-05298 UNIT D 7 Wexpro Company 41.41268 -109.11887 1950 DH 3,704 - - DAKOTA
49-037-05299 UPRR 1 Mule Creek Oil Company 41.41351 -109.02937 1962 DH 4,665 - - UNKNOWN
49-037-05300 *1 Montana Power Company 41.41619 -109.11889 1924 DH 510 - - BAXTER
49-037-05301 MURPHY 1 Wexpro Company 41.41718 -109.10094 1940 DH 4,166 - - DAKOTA
49-037-05303 *BAXTER 1 Associated O and  G 41.42239 -109.10806 1924 DH 750 - - UNKNOWN
49-037-05304 E 08342 A 1 Wexpro Company 41.42163 -109.10701 1923 DH 950 - - FRONTIER
49-037-05305 E0833 A 1 Wexpro Company 41.42802 -109.10094 1928 DH 145 - - BAXTER
49-037-05306 E08338A 1 Wexpro Company 41.42798 -109.10089 1929 DH 3,558 - - DAKOTA
49-037-05309 UPRR 2 Wyoming Oil & Development CO 41.43149 -109.10201 1929 DH 4,106 - - DAKOTA
49-037-05311 *BAXTER 1 Wyoming Oil & Development CO 41.44218 -109.0996 1923 DH 2,806 - - UNKNOWN
49-037-05312 *ASSOCIATED OIL 1 Associated O and  G 41.44218 -109.09956 1923 DH 3,280 - - DAKOTA
49-037-05313 W J HALLETT 2 Wexpro Company 41.43478 -109.09753 1939 DH 3,119 - - DAKOTA
49-037-05314 BAXTER 1 Montana Power Company 41.43654 -109.08847 1924 DH 5,061 - - UNKNOWN
49-037-05318 PATENTED 1 Wexpro Company 41.44543 -109.08763 1924 DH 3,346 - - DAKOTA
49-037-05319 *GOVT 1 Wexpro Company 41.44541 -109.0807 1924 DH 1,635 - - UNKNOWN
49-037-05326 GOVT 1 Wexpro Company 41.45812 -109.10816 1923 DH 1,150 - - UNKNOWN
49-037-05327 GOVT 2 Wexpro Company 41.45812 -109.10843 1923 DH 26 - - UNKNOWN
49-037-05328 UNIT MULLEN E08339A 9 Wexpro Company 41.46694 -109.09731 1965 PA 2,574 111,302 5,035 FRONTIER
49-037-05329 *6X Midwest Oil Corporation 41.47139 -109.10083 1924 DH 3,435 - - UNKNOWN
49-037-05330 STATELAND 1 North Shore Exploration & Prod LLC 41.46881 -109.11889 1959 SI 2,682 3,470,323 747 FRONTIER
49-037-05333 UNIT UPRR FEE 1 Wexpro Company 41.47263 -109.10801 1921 PA 3,502 9,507 - FRONTIER
49-037-05334 UNIT MULLEN E08339A 2 North Shore Exploration & Prod LLC 41.47745 -109.10129 1933 SI 1,858 88,003 96 FRONTIER
49-037-05335 GOVT 11 Wyoming Oil & Development CO 41.48099 -109.10910 1923 DH 1,848 - - UNKNOWN
49-037-05337 *HUMMER 1 Cobb A B & Union Gas 41.48667 -109.06869 1940 DH 2,100 - - UNKNOWN
49-037-05338 UNIT STATE 2 North Shore Exploration & Prod LLC 41.48945 -109.0959 1924 PA 1,858 198,794 2,187 FRONTIER
49-037-05339 UPRR 10 Wexpro Company 41.49041 -109.10459 1965 DH 2,673 - - DAKOTA
49-037-06381 SULLIVAN 11 Wexpro Company 41.38777 -109.10864 1966 PA 3,395 5,135 - FRONTIER
49-037-20345 UNIT 13 Wexpro Company 41.47236 -109.0857 1972 DH 3,600 - - UNKNOWN
49-037-20517 USA-M J HARVEY JR 1 BP America Production Company 41.37972 -109.03209 1973 DH 4,950 - - UNKNOWN
49-037-20729 NORTHEAST JOYCE CREK 1 Davis Oil CO 41.40173 -109.00045 1975 DH 4,812 - - UNKNOWN
49-037-20962 KEMMERER 14-1 Kemmerer Coal CO 41.45659 -109.00023 1977 DH 3,864 - - UNKNOWN
49-037-21890 HUSKY-FEDERAL Husky Oil Company 41.46056 -109.01411 1981 DH 3,650 - - UNKNOWN
49-037-21903 HUSKY-FEDERAL 43589 Husky Oil Company 41.48111 -109.03857 1981 DH 3500 - - DAKOTA
49-037-22186 S BAXTER BASIN UNIT 17 North Shore Exploration & Prod LLC 41.39887 -109.11576 1982 SI 3,440 8,913,930 251 FRONTIER
49-037-22300 SOUTH BAXTER UNIT 16 North Shore Exploration & Prod LLC 41.39170 -109.11365 1984 PG 3,218 672,172 159 FRONTIER
49-037-23206 SOUTH BAXTER 18 Wexpro Company 41.44818 -109.09356 1993 DH 4520 - - UNKNOWN
49-037-24235 SOUTH BAXTER UNIT 19 North Shore Exploration & Prod LLC 41.37762 -109.12215 1999 PG 2,520 304,704 57 FRONTIER
49-037-24407 SOUTH BAXTER UNIT 20 Wexpro Company 41.39102 -109.10624 2000 DH 2,900 - - FRONTIER
49-037-60005 UNION PACIFIC 18264 Chevron USA INC 41.43500 -109.09954 1922 DH 3,280 - - DAKOTA
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Alunite
An inactive and refilled alunite prospect pit can be found just south of Aspen Mountain in sec. 26, T. 17 N., R. 104 
W. This subsurface occurrence of white, alunite-rich claystone within the Bishop Conglomerate was discovered in 
1957 by Mountain Fuel Supply Co. geologist E.R. Keller. Within the trenched prospect pit, the claystone layer was 
reported to be approximately 2.4 m (8 ft) thick and contain 60–90 percent alunite. Another 1.8 m (6 ft) thick layer of 
white claystone was identified in an exploratory drill hole located a mile southwest of the prospect pit, suggesting the 
potential for the alunite deposit to be moderately continuous (Love and Blackmon, 1962; Hausel and others, 1992). 
Silica
The Lion Bluffs quadrangle has high industrial silica potential due to the presence of widespread silicification around 
Aspen Mountain. Sampling of highly silicified samples from across the map area revealed SiO2 compositions up to 
98.7 percent. The crushability of this material has not been assessed for industrial purposes, but is expected to vary 
due to differing degrees of silicification.  
Aggregate
Substantial gravel deposits are common within the quadrangle in the form of colluvium and weathered Bishop 
Conglomerate surfaces. Though there are no current or historic aggregate pits within the map area, the Bishop 
Conglomerate has been assessed as a potential major source of highway construction material (Root and others, 
1973). The apron of colluvium spread across the northern slope of Aspen Mountain presents another potential 
development opportunity. This material was derived primarily from the Blair Formation and includes sandstone 
boulders, flagstone, and gravel.    
HYDROLOGY
Surface Hydrology
On the Lion Bluffs quadrangle, the headwaters of numerous small streams originate from Aspen Mountain. Streams 
in the northern half of the quadrangle flow largely to the north and northeast, while those in the southern half flow 
primarily to the east and south. All streams that originate from within the map area eventually flow into Bitter 
Creek, a tributary of the Green River. 
All streams within the quadrangle are shown as intermittent on the U.S. Geological Survey topographic map. 
Though alluvial channels within the quadrangle were not observed at bankfull flow, water elevations were highest 
in June 2019. By late summer, streamflow had decreased. Much of this seasonality is dependent on rainfall and 
snowmelt contribution, which are the dominant sources of water to creeks within the quadrangle. Several streams, 
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APPENDIX 1: GEOCHEMICAL ANALYSES—ROCK SAMPLES
ALS Chemex, in Reno, Nevada, analyzed 10 samples from the Lion Bluffs quadrangle using complete elemental 
characterization package CCP-PCK01 for whole rock, trace elements, rare earths, and base metals. Analyses were 
conducted using inductively coupled plasma (ICP) atomic emission spectrometry, ICP mass spectrometry, and by 
infrared spectroscopy via induction furnace. Samples submitted for geochemical analysis were selected to collect 
baseline data and evaluate alteration associated with silicification. Data table A1 shows sample name, sampled for-
mation, location, and the elemental results as reported by ALS Chemex. All sample locations are shown on the map.
APPENDIX 2: GEOCHEMICAL ANALYSES—STREAM-SEDIMENT SAMPLES
Stream-sediment samples were collected from the Lion Bluffs quadrangle to test the reproducibility of geochemi-
cal results obtained from sediment samples collected in the late 1970s as part of the National Uranium Resource 
Evaluation (NURE) program (Smith, 1997). Sample locations were chosen to mimic those of the original NURE 
dataset. AGAT Laboratories, from Mississauga, Ontario, analyzed five stream-sediment samples for 58 elements 
using sodium peroxide fusion followed by ICP-OES and ICP-MS finish (AGAT method code: 201 378; AGAT 
SOP: MIN-200-12001). Data table A2 shows sample name, location, and elemental results as reported by AGAT 
Laboratories. All sample locations are shown on the map.
APPENDIX 3: DETRITAL ZIRCON GEOCHRONOLOGY
U-Pb Methodology
Detrital zircon geochronology analyses were carried out at the Arizona LaserChron Center at the University of 
Arizona, and the following text is modified from Pecha (2019). Zircon grains were extracted from bulk sample, 
including density separation using a Wilfley table and heavy liquids (methylene i). The resulting heavy mineral 
fraction then underwent separation using a Frantz LB-1 magnetic barrier separator to isolate the zircons. A represen-
tative split of the entire zircon yield of each sample was incorporated into a 1-inch epoxy mount along with multiple 
fragments of each of the three zircon standards (FC1, SL-mix, and R33). The mounts were sanded down approxi-
mately 20 microns, polished progressively using a 9-, 5-, 3-, and 1-micron polishing pads, and backscatter electron 
(BSE) imaged using a Hitachi S-3400N scanning electron microscope (SEM) equipped with a Gatan Chroma CL2 
detector. Prior to isotopic analysis, the mounts were cleaned in an ultrasound bath of one percent HNO3 and one 
percent HCl in order to remove any residual common Pb from the surface of the mount.
U-Pb geochronology of individual zircon crystals was conducted by laser ablation multicollector inductively coupled 
mass spectrometry (LA-ICPMS) at the Arizona LaserChron Center (Gehrels and others, 2006, 2008). The isoto-
pic analyses involved ablation of zircon using a Photon Machines Analyte G2 excimer laser coupled to a Thermo 
Element 2 single-collector-ICPMS. Drill rate is approximately one micron per second, resulting in a final ablation 
pit depth of about 12 microns.
The errors in determining the 206Pb/238U and 206Pb/204Pb result in a final measurement error of approximately 1–2 
percent (at 2s level) in the 206Pb/238U age for each analysis. The errors in determining 206Pb/207Pb and 206Pb/204Pb also 
result in approximately 1–2 percent (at 2s level) uncertainty in age for grains that are older than 900 Ma, however, 
they are substantially larger for younger grains due to the low intensity of the 207Pb signal.
The common Pb correction is accomplished by using the Hg-corrected 204Pb and assuming an initial Pb composi-
tion from Stacey and Kramers (1975). Uncertainties of 1.5 for 206Pb/204Pb and 0.3 for 207Pb/204Pb are applied to these 
compositional values based on the variation in Pb isotopic composition in modern crystalline rocks. Interference of 
204Hg with 204Pb is accounted for measurement of 202Hg during laser ablation and subtraction of 204Hg, according 
to the natural 202Hg/204Hg of 4.35.
15
U-Pb Results
Samples were collected for detrital zircon geochronology from the basal sandstones of the Blair Formation, the 
Baxter Shale, and the Bishop Conglomerate. The locations of all three samples are shown on the map, and all sample 
locations are summarized in data table A3.
For each sample, maximum depositional age was calculated by multiple methods following Dickinson and Gehrels 
(2009), with results summarized in data table A3. Youngest single grain (YSG) is the absolute youngest age measured 
in a sample. The probability density peak (PDP) age was calculated from the crest of the youngest discrete age peak 
on a probability density plot. Final age (FA), or age incorporating both internal analytical error accounted for with 
the weighted mean age and external systematic error, was calculated using the DZ Age Pick Program (version of 
September 1, 2009) of the Arizona LaserChron Center (www.geo.arizona.edu/alc). The weighted mean age at 2s 
was determined from the youngest cluster of three or more grain ages (i ≥ 3) overlapping in age by weighting each 
measurement by the square of its uncertainty. This method assumes the grains are cogenetic and is valid if the mean 
square weighted deviation (MSWD) of the set of grains is near one. Uncertainties shown in these results are at the 
1s level and include only measurement errors. Complete digital analytical data are available from the Wyoming 
State Geological Survey (www.wsgs.wyo.gov/).
APPENDIX 4: SOURCE ROCK ANALYSES
Five rock samples from the Lion Bluffs quadrangle were analyzed with Rock Eval 6 (version 4.09) programmed 
pyrolysis at Core Laboratories. The programmed pyrolysis measures the hydrocarbon-generation potential and total 
organic carbon. From these data one can examine a source rock’s free hydrocarbon content (S1 pyrolysis peak), gen-
eratable hydrocarbon content (S2 pyrolysis peak), generatable CO2 (S3, CO2 ) and CO (S3, CO), and kerogen type 
(determined from a pseudo-Van Krevelen plot), as well as other quantities useful for evaluating hydrocarbon-gen-
erating potential. Samples submitted for analysis were mudstones from the Baxter Shale and basal sandstone of the 
Blair Formation. Data table A4 shows sample name, sampled formation, location, and programmed pyrolysis results 
as reported by Core Laboratories. All sample locations are shown on the map. 
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